Head and neck angiosarcomas (HN-AS) are rare malignancies with a poor prognosis relative to other soft tissue sarcomas. To date, the HN-AS literature has been limited to short reports and single-institution experiences. This study evaluated patients registered with the Surveillance, Epidemiology, and End Results (SEER) program who had been diagnosed with a primary HN-AS. Predictors were drawn from demographic and baseline tumor characteristics. Outcomes were survival months and cause of death. Kaplan-Meier analyses were used to estimate overall (OS) and disease-specific survival (DSS) rates. Cox proportional hazards regression models were used for multivariate analyses. A total of 1250 patients (mean age 73.3 years) were identified, and nearly all lesions (93.5%) were cutaneous. Two-and 5-year OS rates were 47.3% (95% CI 44.3-50.3) and 26.5% (95% CI 23.7-29.3), while 2-and 5-year DSS rates were 66.6% (95% CI 63.6-69.6) and 48.3% (95% CI 44.5-52.1). In the univariate analyses, age, race, tumor grade, tumor size, AJCC stage, SEER historic stage, and surgery were significant predictors of both OS and DSS. Multivariate regression revealed that independent predictors of poor OS and DSS were older age [OS: HR 1.04 (95% CI 1.02-1.05), p < 0.01; DSS: HR 1.03 (95% CI 1.01-1.05), p < 0.01], increased tumor size [OS: HR 1.01 (95% CI 1.01-1.01), p < 0.01; DSS: HR 1.01 (95% CI 1.01-1.02), p < 0.01], and distant disease [OS: HR 2.97 (95% CI 1.65-5.34), p < 0.01; DSS: HR 4.99 (95% CI 2.50-9.98), p < 0.01]. Age, tumor size, and disease extent were determinants of HN-AS survival. When all other factors were controlled, lower histologic grade and surgery did not improve the risk of death.
Introduction
Angiosarcomas (AS) are a family of aggressive malignancies that demonstrate vascular endothelial cell differentiation. The majority of AS occur spontaneously, however proven risk factors include radiation [1] , chronic lymphedema as part of Stewart-Treves syndrome [2] , and chemical exposures [3] . Tumors may arise within any anatomic location but the most common primary sites are the skin of the head and neck and the breast [4] . Head and neck AS (HN-AS) classically occurs on the scalp of older Caucasian men, mimicking either a bruise or a benign hemangioma [5] . Local recurrence rates are high because multifocal extension makes obtaining negative margins difficult. In addition, AS follows a relatively subclinical course, and this diagnostic challenge coupled with the tendency for local recurrence contributes to a significantly poorer overall survival rate when compared to that of other sarcomas [6] .
3
AS is a rare lesion with an estimated annual incidence of 200 new cases per year in the United States [5, 7] . As a result, few studies other than case reports and single-institutional experiences have comprehensively described its clinical features, treatment, and prognosis [5] . When discussing AS, primary location has been shown to affect the characteristics, behaviors, and prognosis [4] . HN-AS have the worst survival rates [8, 9] , and although the head and neck region is commonly affected [4] , the paucity of cases makes studying this subset of tumors increasingly difficult.
This retrospective analysis of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) registry represents the largest AS cohort in the literature to date. The purpose of this study was to describe the characteristics of and determine the prognostic factors associated with primary HN-AS. To achieve our aims, patient demographics and tumor characteristics at the time of diagnosis were reported and evaluated against the outcomes of overall and disease-specific survival.
Materials and Methods

Data Source
This study evaluated patients registered with the Surveillance, Epidemiology, and End Results (SEER) program who were diagnosed with a primary angiosarcoma of the head and neck region. The SEER program of the National Cancer Institute is a nationwide coordinated system of cancer registries. The SEER 18 database was used for this study and includes cases recorded between 1973 and 2015 spanning 18 different US geographic areas that encompass roughly 27.8% of the US population. Institutional review board approval was not required for this study because all patient information is de-identified and publicly available.
Patient Selection and Variables
Patients were included if they had been diagnosed with a primary HN-AS. Lesions within the central nervous system and orbits were excluded. Angiosarcoma was defined using the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3) morphological code 9120/3. The search was limited to the head and neck region using the ICD-O-3 topographical codes: C00-C14; C30-C33; C41.0; C41.1; C44.0-4; C47.0; C49.0; C76.0; C77.0. Baseline variables were recorded regarding age at diagnosis, gender, race, marital status, tumor grade, tumor size, American Joint Committee on Cancer (AJCC) stage, SEER historic stage, and location. Tumor grade was classified as either grade I well differentiated; grade II moderately differentiated; grade III poorly differentiated; or grade IV undifferentiated. As in prior studies [10] [11] [12] [13] , grades I and II were considered low grade, and grades III and IV were considered high grade. Grade, as reported through SEER, was determined by the reporting pathologist for each lesion. There are no universal criteria for grading AS, and final classification relies on both visual inspection and objective criteria that were not disclosed. Tumor size was determined using the length of the largest dimension. A value of ≥ 5 cm was used as the threshold for large size, and this cutoff was adopted from the AJCC TNM criteria. AJCC stage was derived from the AJCC 6th edition and was defined as either stage 1, 2, 3, or 4 as assigned by the TNM grouping for soft tissue sarcomas. For cases before 2004, AJCC stage was retroactively determined using collaborative stage and extent of disease staging codes for tumor size, extent, and lymph node involvement. SEER historic stage is based on categories developed by the End Results Group of National Cancer Institute (NCI) and was classified as localized, regional, or distant. Localized was defined as being confined completely within the organ, regional was defined as extending beyond the limits of the primary organ into surrounding organs, tissues, and/or lymph nodes, and distant was defined as spreading either by direct extension or discontinuous metastasis to distant organs, tissues, or via the lymphatic system to distant lymph nodes. Location was divided between cutaneous and non-cutaneous sites. Outcome variables were recorded regarding survival months and cause of death. Overall survival (OS) was defined as time from diagnosis to death of any cause. Disease-specific survival (DSS) was defined as time from diagnosis to death caused by AS diagnosis.
Statistical Analyses
Descriptive statistics were calculated for all baseline variables. Kaplan-Meier analyses were used to plot survival and estimate 1-, 2-, 5-, and 10-year overall and diseasespecific survival rates. The log-rank test was used to perform univariate analyses and test differences in survival. Predictors for the multivariate model were chosen from those factors identified in the univariate analysis to be statistically significant. Because AJCC stage is derived from related information already contained within tumor size and SEER histologic stage, it was not included as a predictor in the final model in order to avoid issues of multicollinearity. Cox proportional hazards regression models were taken to perform multivariate analyses. Hazard ratios (HRs) were calculated and their significance was determined using the Wald Chi square test. A p-value < 0.05 was considered statistically significant, and all analyses were performed with SAS® software version 9.4 (2002-2012, Cary NC).
Results
Descriptive
During the period between 1973 and 2015, there were 1250 patients in the SEER 18 database who had a diagnosis of a primary HN-AS. The mean age of diagnosis was 73.3 years (range 0-102), and roughly two-thirds of the sample was over 70 at the time of diagnosis. With respect to gender, 68.6% were male and 31.4% were female (Table 1) . Eightyfive percent were white, 5.3% black, and 9.2% other.
Nearly all lesions were cutaneous (n = 1169, 93.5%). Of the remaining 81 non-cutaneous lesions, 12 were located within the facial bones; 11 on the tongue; 10 within the nasal cavity; 9 within the parotid; 8 within the paranasal sinuses; 8 on either the buccal mucosa, gums, or mouth not otherwise specified; 8 within either the nasopharynx, oropharynx, or pharynx not otherwise specified; 7 within the larynx; 5 on the palate; and 3 arose on the peripheral nerves. The average tumor size was 4.9 cm (range 0.1-98.9) with 66% being less than 5 cm at the largest dimension. The distribution of histological grades was grade III poorly differentiated (38.1%), grade IV undifferentiated (33.1%), grade II moderately differentiated (17.9%), and grade I well differentiated (10.8%). The majority of lesions were localized to their primary site (57.7%) with less lesions demonstrating regional (29.8%) or distant (12.5%) invasion. Among those with AJCC staging available, 41.9% were stage 4, 30.8% stage 2, 18% stage 1, and 9.6% stage 3.
Survival
The mean length of follow-up was 40.0 months (range 0-499), and 315 (25.2%) patients were reported alive at their last follow-up. Overall 1-, 2-, 5-, and 10-year survival rates were 66.9% (95% CI 64. (Fig. 1a) . The median OS time was 1.8 years (95% CI 1.7-2.1). Among the 935 patients who died, 476 (50.9%) had cause-specific deaths attributable to their AS diagnosis. Disease-specific 1-, 2-, 5-, and 10-year survival rates were 80.2% (95% CI 77.8-82.6), 66.6% (95% CI 63.6-69.6), 48.3% (95% CI 44.5-52.1), and 42.0% (95% CI 37.8-46.2) respectively (Table 2) (Fig. 1b) . The median DSS time was 4.5 years (95% CI 3.8-6.4).
In the univariate analyses, age (p < 0.01), race (p < 0.01), tumor grade (p < 0.01), tumor size (p < 0.01), AJCC stage (p < 0.01), SEER historic stage (p < 0.01), and surgery (p < 0.01) were all predictors of both OS and DSS (Table 3) . Gender (p < 0.01) and lesion location (p = 0.03) were predictors of DSS only. 
Discussion
The purpose of this study was to report on the clinicopathologic characteristics and survival outcomes of HN-AS. Our results found that nearly all (93.5%) of the HN-AS were cutaneous (cHN-AS). Demographic characteristics showed a mean age of 73.3 with a greater proportion of white (85.5%) male (68.6%) patients. Lesions were more frequently smaller than 5 cm (66%) and poorly differentiated (38.1%). The sample was divided almost evenly between those with localized disease (57.7%) and those with disease involving the regional lymph nodes and/or distant sites (41.9%). Survival rates were generally poor with a 5-year OS and DSS of 26.5% and 48.3% respectively. In the univariate analyses, both DSS and OS were significantly improved in whites, males, those younger than 70, and those who received surgery either alone or as part of multimodal therapy. Likewise, favorable tumor characteristics such as non-cutaneous location, lower grade, lower AJCC stage, and decreased size were found to have significantly better OS and DSS. In the multivariate analyses, age, tumor size, and the presence of distant disease all were independent predictors of both OS and DSS. Every 1 year increase in age at diagnosis increased the risks of overall and disease-specific death by 3.8 and 3.1% respectively. Every 1 mm increase in tumor size increased the risks of overall and disease-specific death by 0.9 and 1.2%. The presence of distant disease, relative to localized disease, increased the risks of overall and disease-specific death by 197 and 399%. Interestingly, regional, compared to localized, disease had a 41.1% reduction in disease-specific survival. Because AS is often multifocal, diseases classified as localized may in fact fail to detect regional or even distant involvement when present. A diagnosis of regional disease may have a better specificity allowing for early and appropriate management of those identified cases. When all other predictors were controlled for, surgery and histologic grade were not found to alter either OS or DSS. In our sample we found that the vast majority of HN-AS were cHN-AS, and this distribution agrees with what has been reported in past studies. Mark et al. surveyed 28 HN-AS of which 25 (89.3%) were cutaneous [14] . Likewise, 6 (75%) of the 8 HN-AS cases presented by Mullins et al. were cutaneous [15] . Among cHN-AS, multiple reports agree that the scalp is the most likely region affected [4, 9, 13, 14, 16, 17] . The 5-and 10-year relative survival rates of cHN-AS are worse than that of other cutaneous sites [9] , with scalp primaries noted to have a worse survival than those arising on the face [10, 12, 17, 18] . The reasons for these findings are unknown, however there is an increased rate of positive margins in cHN-AS [8] , and the improved [11, [13] [14] [15] [16] . There have only been 6 prior studies (Table 5) . Of these studies, only 1 [11] found age > 70 years to be associated with decreased survival. Four studies [10, 12, 13, 16] concluded that advanced age was not significantly associated with a poorer OS. Three of these studies [10, 13, 16] did report lower OS rates in their older cohorts, but univariate testing did not reach the prescribed level of significance. Our study found that older patients had both significantly poorer OS and DSS, and our improved statistical power likely allowed us to detect OS differences that previous authors, limited by smaller samples, were unable. In our study, univariate analyses revealed that the tumor factors of size ≥ 5 cm, higher histologic grade, increased AJCC stage, and disseminated SEER historic stage were significantly associated with decreased OS and DSS. Only 2 [12, 17] out of the 6 prior studies evaluating cHN-AS prognostic factors also reported significantly poorer OS rates with tumor size ≥ 5 cm. The remaining 4 studies [10, 11, 13, 16] did report lower survival with increased size, but as was the case with patient age, statistical testing did not demonstrate significance. Bernstein et al. [10] found that AJCC stage 3/4 disease had a slightly lower OS than stage 2 but their difference did not reach significance. All 4 studies [10] [11] [12] [13] comparing histologic grade found no significant OS differences, although Holden et al. [12] noted that well-differentiated tumors appeared to survive longer. We found that histologic grade was not a significant predictor in either of our multivariate models, and this suggests that lower grade lesions might have been more common in younger patients with localized disease.
The traditional mainstay of cHN-AS treatment focuses on wide local excision with adjuvant radiotherapy [5, 19] . Two prior studies [16, 17] showed cHN-AS OS benefits with surgery (versus no surgery) while 1 study [13] reported an improvement that did not reach statistical significance. Our study did not assess surgical margins, however the results of previous studies suggest that negative resection margins may not confer a survival benefit [10, 13, 17] . Some have proposed that, because of the multifocal nature of cutaneous AS growth, true negative margins are extremely difficult to achieve and that surgery should aim to debulk rather than chase negative margins [20] . Our univariate analyses support the current role of surgery with or without neoadjuvant or adjuvant therapy to significantly improve both OS and DSS. However, these results should be interpreted with caution because surgery as an independent predictor of survival lost significance in our investigated multivariate models, and therefore those who did not receive surgery may have been older with more advanced disease that was not amendable to resection. Radiation monotherapy has been accepted to be an inferior alternative to surgery [17] , and current evidence recommends first-line chemotherapy only for unresectable and metastatic disease [19] . Still, given the poor survival outcomes with mainstay surgical therapy, the role of firstline systemic treatment regiments is an area of active investigation. Phase 2 trials have been conducted on paclitaxel [21] and bevacizumab [22] and there is some evidence suggesting that chemoradiotherapy is superior to conventional surgery with adjuvant radiotherapy [23] .
In a recent meta-analysis of scalp and face AS, Shin et al. [18] provide a comprehensive summary of the available literature, much of which we have previously addressed. Their meta-analysis of univariate statistics reported that age ≥ 70 years, size ≥ 5 cm, scalp location, and lack of surgery were associated with significantly decreased 5-year OS [18] . Shin et al. found that histologic grade was not related to survival. Given that none of the large studies from Table 5 were significant for histologic grade, their result comes as little surprise since their data were pooled from the numbers of past studies. Our population study formally confirms the findings of multiple smaller studies, namely that age, tumor size, and stage are independent predictors of survival. In addition, we are the first large-scale study to suggest that AS patients with lower histologic grade and surgery falsely appear to have improved survival because their presenting lesions may be smaller and more localized.
Although the SEER database provides researchers the opportunity to analyze population data, there are limitations to the dataset that previous authors using similar methods have acknowledged. Over the years, classification schemes and variables of interest have changed, and it was not always possible to retroactively recode the data. This was particularly problematic when determining AJCC 6th edition staging for lesions recorded before 2004, as it was often impossible to retrofit the data. Precise size measurements and extend of disease may be inaccurate because AS may have multifocal satellite or skip lesions. Although some have suggested that histologic features be used to stratify the risk of smaller tumors [24] , information regarding specific features, such as pattern of growth, predominant cell type, and the presence of necrosis, were not available. SEER does not differentiate between congenital and sporadic lesions, as original diagnoses were not reviewed histologically for consistency. Radiation treatment variables were recently removed from the public research database, and chemotherapy variables have never been included in the data. With respect to surgical treatment, extent of resection and margin status are unavailable. However, despite these limitations multiple prior studies have successfully used the SEER database to provide useful reports on rare head and neck malignancies.
In conclusion, by utilizing population data we were able to overcome the power limitations of previous studies on HN-AS. Overall, 74.8% of patients died at or before their last follow-up, half of whom died from disease-specific causes. Five-year OS and DSS rates were found to be 26.5 and 48.3% respectively, which were at the lower end of what was previously reported in the literature. The majority of HN-AS were cutaneous, and cHN-AS had a significantly lower DSS. We propose that patients with older age, increased tumor size, and distant disease are at significantly greater risk of overall and disease-specific death at any follow-up timepoint. We found that lower histologic grade and the presence of surgery, when all other predictors are controlled for, do not significantly improve the risk of death. Past reports of improved survival with surgery may be biased toward those cases amenable to resection, and despite mainstay surgical therapy survival rates for HN-AS are poorer than those of reported for other soft tissue sarcomas. Efforts should continue toward developing systemic monotherapies that may eventually supplant surgery as the first-line treatment of choice.
